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Condensed matter physics has progressed, relying on discoveries of
new materials, new phenomena, and new concepts. A good example
can be found in the history of research on strongly correlated electron
systems, one of the major traditional strengths of ISSP. On the other
hand, breakthroughs have often been made at an intersection of
various research fields. Aiming at another leap forward, the Quantum
Materials Group has been created to promote interdisciplinary studies
based on the collaboration between the experimental and theoretical
groups beyond the conventional research disciplines. The quantum
materials group currently consists of two core groups and twelve joint
groups. All the groups vigorously conduct collaborative research to
discover novel quantum phases and functional materials in correlated
electron/spin systems. The activities include new material synthesis
in bulk and thin-film forms and their characterization through state-
of-the-art measurement systems. Device fabrication is also carried out
for spintronics applications. These experiments are conducted through
lively discussion and tight collaboration with theory groups, which
search for new topological phases by using an advanced theoretical
approach and numerical methods.
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HiZE T —< Research Subjects
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Anomaly in quantum field theory and classification of quantum phases
JERME R SR DR —HI B
Unified theory of nonlinear electrical conduction
B v FU—7 FOmE IR L ks
Electronic states and transport phenomena on networks
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Design and study of exotic spin liquids
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Professor OSHIKAWA, Masaki
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Spin structure factor found in Monte Carlo Simulation of a magnet on a Breathing Pyro-
chlore lattice, which realizes a higher-rank gauge theory.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/oshikawa_group.html

We pursue universal concepts in physics, especially in quantum
many-body systems. As an example, based on anomaly in quantum field
theory, we introduced a new classification of gapless quantum critical
phases in the presence of symmetries. This opened up a new direction in
classification of quantum phases. On the other hand, taking advantage
of novel theoretical concepts, we also aim to give a unified picture on
experimental data and to make testable predictions for experiments.
For example, recently we introduced a “network model” of quantum
wires in order to describe electronic states in the charge-density-wave
material 1T-TaS, and demonstrated a realization of flat bands. Unlike
most of the known constructions of flat bands, in our novel mechanism,
the flatness is protected by symmetries and is robust. Furthermore,
we investigate possible realizations of higher-rank gauge theories and
fracton topological phases in frustrated magnets and their experimental
consequences. Much of our research is carried out in international
collaborations.

v 7= LOBFRE, WAHEICTFONFENRICEY. FENY FD
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Electronic states on a network. An interference effect protected by symmetries guarantees
the robust appearance of flat bands.

ISSP Digest 2023

47

L
=+
il
2
i
7L
7
)%
1
>

==

dnorp emexso N



i
I
i
if
%
5
9
]0
7
=

dnoxp insyeyeN  H} o ST L H

48

':I:I ;‘;i m % % Nakatsuji Group

HiZE T —< Research Subjects
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Room-temperature topological transport in magnetic materials

SEFHBTE - RIC I 2 S BIEAH & LW BRSO B
Strange metal behavior and unconventional superconductivity in
strongly correlated materials
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Manipulation of topological states for spintronics and energy
harvesting applications
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Project Professor NAKATSUJI, Satoru
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a.Mn3Sn & Pt. Cu. W EDREBEICEITS. R—IVEEDEEIAHBER lwite
KFME, b. ZEREORIERER, c Mn3Sn TORAEVEE b LT Bt R,
[Nature 580, 608 (2020)]

a. Hall voltage vs. write current Zyrite for the Mn3Sn/ Pt, Cu, W bilayer devices. b. Illus-

tration of the multi-valued memory device. The multi-valued Hall voltage is achieved by

changing the lower limit of the write current, I ¢. Spin-orbit torque switching real-

ized in Mn3Sn. [Nature 580, 608 (2020)]

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/nakatsuji_group.html
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The condensed matter physics is considered one of the most versatile
subfields of physics, embracing big ideas from particle physics,
cosmology, and quantum information. Recently, the concept of topology
has brought up a new era in condensed matter research that integrates
a diverse spectrum of fields and topics, bridging basic science with
technological innovations. Thus, it is critical to push beyond the
traditional disciplines to establish new conceptual framework and to
target at the significant problems. Our research activities focus on
designing and synthesizing new materials with emergent quantum
properties that have never been seen before, then exploring the
physics and functionalities of such properties with our world-leading
measurement facilities. Our goal is to lead the innovative quest for new
quantum materials that bear a far-reaching impact not only on basic
science but also on our everyday life in the future.
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FesX (X = Ga, Al) [CH51F % a. fE&@IBIE. b. RERILY X FHROBEKEN.
c. /=% T, [Nature 581,53 (2020)]

a. Crystal structure of Fe3X (X = Ga, Al). b. Temperature dependence of the anomalous
Nernst effect. ¢. The nodal web in momentum space. [Nature 581, 53 (2020)]
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HiZE T —< Research Subjects

B armEA ey hu=s 2
Spintronics using a quantum material
BV rAEy ban=s A
Spintronics using a chiral molecule
B 7 = L PR OVAL— =S X SO+ T > Rt
Operando spectroscopy using pulse laser and synchrotron radiation
B e icksilarea—s107
Brain-inspired computing using spintronics
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Associate Professor MIWA, Shinjii
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HEEMER
Adv. Mat., Frontier Sci.
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a) An example of a unique nano-structure. (b) An example of operando synchrotron X-ray
spectroscopy. The origin of the voltage-controlled magnetic anisotropy, which is impor-
tant for future non-volatile random access memory, has been revealed.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/miwa_group.htm]

We study experimental condensed matter and materials physics using
high quality and unique nanostructures. We use the ultra-high vacuum
technology used in semiconductor technology to fabricate multilayers
of metals, dielectrics, and organic molecules. We focus on the spin and
orbital properties that can be pronounced in nanostructures, and fabricate
spintronic devices. Our research goal is to characterize the novel
physical properties of such devices and to demonstrate large effects at
room temperature using a physics-based approach.

Recently, we are investigating a novel spintronic device using a quantum
material such as Weyl magnets. We are also studying a molecular
spintronic device using a chiral molecule such as chiral phthalocyanine
and a biomolecule. In addition to electrical measurements, we reveal the
microscopic origin of the various spintronic phenomena using operando
spectroscopy with a femtosecond pulse laser system and synchrotron
radiation.
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(a) Spin and crystal structures of Weyl antiferromagnet Mn3Sn. (b) Using a property of

the cluster magnetic octupole, we have succeeded in observing the time-resolved spin
oscillation of a metallic antiferromagnet by employing a pulse laser system.
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